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ABSTRACT 
 
Application of manure from agricultural livestock operations to the crop fields has 
become an important approach towards the improvement of soil fertility. However, if 
overapplied or inefficiently managed, animal waste from confined animal feeding 
operations can become a potential source of water resources contamination, particularly in 
terms of nutrient pollution.  
The purpose of this study was to apply a toxicity testing evaluation approach as a 
complementary tool to assess the impact on surface water quality of application of manure, 
from two dairy CAFOs in Wood County, OH, to cropland. To fully evaluate the impact of 
manure, this study examined whether nutrient enrichment and bacteriological parameters 
are factors related to water and sediment toxicity. Samples of water and sediments were 
collected in spring and summer from sites selected according to manure application fields 
and drainage patters. First set of samples have been collected from fields that have had 
manure applied six months before the beginning of the study, and the second set of samples 
were taken right after summer application of manure to the cropfields. At the time of 
sample collection, at each site, measurements for water temperature, pH, dissolved oxygen, 
electrical conductivity, and turbidity were recorded. In addition to that, lab analysis of total 
coliform and E. coli bacteria, and the concentration of nitrate, soluble reactive phosphorus 
(orthophosphate), and ammonia have been performed. The toxicity of water samples was 
assessed using 48-hours Brachionus calyciflorus growth assay. The ecotoxicity of 
sediments was assessed by performing 6-days Heterocypris incongruens growth assay. 
Mortality and growth inhibition of neonates of the ostracod crustacean were measured. The 
final results revealed some toxic effects of the water and sediment to the test organisms. 
II 
 
Sites that have been affected for a long period of time by runoff from fields treated with 
manure have exhibited elevated toxicity, which was worsen in summer months, possibly by 
the combined effect of the manure application and physicochemical factors. 
Chemical and bacteriological analyses did not reveal particularly high 
concentrations of any chemical or fecal indicator bacteria that are very toxic. As a result no 
direct causal relationship could be established between the detected toxic effects and the 
chemical composition of the surface waters. The outcome of this study brings out the need 
to complement chemical analyses with toxicity tests to determine the toxic hazard to 
aquatic environments that may be threatened by animal waste from confined animal feeding 
operations. 
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RESUMO 
 
Aplicação de estrume de gado de operações agrícolas para os campos de cultivo 
tornou-se uma abordagem importante para a melhoria da fertilidade do solo. Contudo, se 
aplicado em demasia ou gerido ineficientemente, os resíduos das indústrias de produção de 
animais confinados pode tornar-se uma fonte potencial de contaminação dos recursos 
hídricos, particularmente em termos de poluição por nutrientes. 
O objetivo deste estudo foi aplicar uma abordagem de avaliação de testes de 
toxicidade como uma ferramenta complementar para avaliar o impacto  da aplicação do 
estrume na qualidade das águas superficiais, a partir de duas leitarias em Wood County, 
Ohio, EUA. Para avaliar o impacto do estrume, este estudo analisou se o enriquecimento 
em nutrientes e parâmetros bacteriológicos são factores relacionados com a toxicidade da 
água e de sedimentos. Amostras de água e de sedimentos foram recolhidas na primavera e 
verão, nas localizações selecionados de acordo com os campos de aplicação de estrume e 
padrões de drenagem. O primeiro conjunto de amostras foram  recolhidas em campos onde 
do estrume aplicado seis meses antes do início do estudo, e o segundo conjunto de amostras 
foram recolhidas, no verão, logo após a aplicação de estrume nos campos de cultivo. 
Aquando a recolha das amostras, em cada local, medições da temperatura da água, pH, 
oxigênio dissolvido, condutividade eléctrica, turbidez foram registrados. Para além disso,  
análises de laboratório de coliformes totais e bactérias E. coli, bem como a concentração de 
nitrato, ortofosfato e amónia foram realizadas. A toxicidade das amostras de água foi 
avaliada através do ensaio de crescimento de Brachionus calyciflorus durante 48 horas. A 
ecotoxicidade dos sedimentos foi avaliada através de ensaios de crescimento de 
Heterocypris incongruens durante seis dias. 
IV 
 
Os resultados finais revelaram alguns efeitos tóxicos da água e do sedimentos nos 
organismos de teste. Locais que foram afectados por longos períodos de tempo pelo 
escoamento de campos tratados com estrume, demonstraram uma elevada toxicidade, que 
se agravou nos meses de verão, possivelmente pelo efeito combinado da aplicação de 
estrume e factores físico-químicos. As análises químicas e bacteriológicas não revelaram 
concentrações particularmente elevadas de qualquer químico ou bactérias indicadoras de 
contaminação fecal, que são muito tóxicas. Consequentemente, nenhuma relação causal 
directa pode ser estabelecida entre os efeitos tóxicos detectados e a composição química 
das águas de superfície. Os resultados deste estudo revelam a necessidade de complementar 
as análises químicas com testes de toxicidade de modo a determinar o risco tóxico para os 
ambientes aquáticos que poderão ser ameaçados por resíduos animais provenientes da 
produção de animais confinados. 
 
Palavras-chave: bioensaios; sedimentos; afluentes; nutrientes; estrume 
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CHAPTER 1 
           1.1 – Hidden Costs of Industrial Agriculture 
During the last half of century, the practice of agriculture in the United States has 
undergone systemic transformations. Agricultural practices readily adapted to societal 
changes that prompted consumption of goods – including agricultural goods – at 
unprecedented rates. The transition from traditional farming, with small- and mid-sized 
farms locally operated by families or small cooperatives, to the contemporary 
industrialization of agricultural operations came with obvious benefits and equally severe 
drawbacks (Fitzgerald, 2003; Hilimire, 2011). In an effort to match the ever increasing 
demands for agricultural products, new, innovative agricultural techniques and practices 
were adopted. These techniques and practices led to an exponential growth of agricultural 
production (Fitzgerald, 2003), thus making the cost of food for the American consumer the 
lowest in the world. (Bhumbla, 2005) Concomitantly, there is reason to believe that the 
adoption of some such practices and techniques was accompanied by short- and long-term 
detrimental consequences for the environment (Reganold, 2011). One of these 
consequences stems from the excessive use of nutrients in order to maintain high 
production levels (Barbu, 2009). High loads of nutrients used in agriculture come from 
various sources. For example, animal manure from animal feeding operations is currently 
widely used in agriculture as a fertilizer and has a significant impact on the environment. 
Animal manure has been traditionally regarded as a valuable source of nutrients in 
crop production, being successfully used as a fertilizer and as soil amendment (Zang, 
2009). It can be an asset for producers when effectively managed and properly used on 
field crops. Besides providing valuable macro- and micronutrients to the soil, manure 
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supplies organic matter which may improve soil structure, aeration, soil moisture-holding 
capacity, and water infiltration (Gaofei, 2010) Specifically, animal manure has been found 
to promote growth of beneficial organisms, to enhance retention of nutrients, and to also 
reduce wind and water induced soil erosion (Zhang, 2009).  
However, there is a long-standing environmental and public health concern 
associated with animal manure1 utilization (Jongbloed et al., 1998; Burkholder et al., 
2007). Modern intensified animal production yields excessive amounts of manure, which is 
a potential source of air and water quality degradation from evaporation of gases, runoff to 
surface water (Wing, 2002), and leaching to ground water (Huffman & Westerman, 1995).  
Most of the agricultural land is currently treated with manure generated at large 
livestock and poultry operations (Burkholder et al., 2007). These industrialized operations 
where animals are being held throughout their lives at high densities in indoor stalls and 
are either raised for milk or for meat are known as concentrated animal feeding operations 
(CAFOs) (U.S. EPA).  
 
Concentrating thousands of animals in one place comes with many risks to the 
environment and public health (Burkholder et al., 2007). The nutrient content of the wastes 
produced at such large scale operations can be a desirable factor for land application as 
fertilizer for row crops. However, livestock wastes, applied to agricultural fields, contain a 
variety of contaminants, including veterinary pharmaceuticals (Kools et al., 2008; Barnes 
et al., 2008), nutrients (Jongbloed & Lenis 1998), metals, pathogens (Gerba & Smith 
2005), and naturally excreted hormones (Hanselman et al., 2003; Raman et al., 2004).  
                                                            
1 In this study, we use the term ‘animal manure’ in a restricted manner. Specifically, ‘animal 
manure’ is used to refer to manure generated at dairy farm operations. 
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Among various risks associated with animal manure application and disposal, the 
risk of contamination of aquatic ecosystems is regarded as one of the most stringent issue 
(Burkholder et al., 1997; Wing, 2002). Thus, CAFOs are regarded as point sources of the 
discharge of pollutants to waters. Discharge of manure through the soil into the field 
drainage tiles carries the contaminants directly into the drains and streams (Brooks et al., 
2006). In addition, surface waters can receive manure pollutants through direct runoff. 
Thus, when manure is applied to cropland with subsurface and surface drains, it is crucial 
not to exceed the soil infiltration rate, as well as the amount needed to bring the soil to 
field water holding capacity (Johnson & Eckert, 1995). Application of animal manure to 
soils with subsurface drainage has been linked with the contamination of the effluent with 
nutrients, particulate organic matter (Barkle et al., 1999), estrogens (Burnison et al., 2003), 
bacteria (Cook and Baker, 2001), and antibiotics (Blackwell et al., 2007). Several studies 
have documented nutrient leaching (McGechan et al., 2005), as well as accumulation of 
phosphorus (Burkholder et al, 1997), lead, zinc, copper (Mantovi et al., 2003), and 
cadmium (Bergkvist et al., 2003) in the surface soil of agricultural fields.  In addition, 
manure lagoon’s seepage, spills or leaks, as well as misapplication of manure onto the land 
may increase levels of nitrates in groundwater (Jongbloed & Lenis, 1998) 
In conclusion, transport of manure contaminants may lead to high concentrations 
of nutrients and bacterial pathogens in subsurface drains and subsequently into receiving 
water bodies. Excessive levels of phosphorus can contribute to algal blooms and 
cyanobacterial growth in surface waters (Burkholder et al., 2007). High concentrations of 
ammonium, suspended solids and fecal coliform bacteria can bring about hypoxic or 
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anoxic conditions, which may stimulate the growth of noxious algae and cause freshwater 
fish kills (Mallin & Cahoon, 2003). 
 
1.2 – Water Quality Control  
Quality control of surface water resources was traditionally done by assessing 
physicochemical parameters and by looking at the biological communities as indicators of 
the ecosystem’s health. In 1992 the U.S. Environmental Protection Agency stated that 
chemical-specific and biological methods for water quality control were not sufficiently 
reliable for the assessment and reduction of toxic discharges (U.S. EPA, 1992). Later, 
whole effluent toxicity testing (WET) methodology was developed and introduced in order 
to provide an integral tool in the assessment of water quality (U.S. EPA, 2004).  
Application of toxicity testing in practice has evident advantages over applying 
solely chemical and biological approaches. It evaluates the integrated effects of all 
chemicals in the water sample, it enables predicting and preventing a toxic impact before 
the detrimental impact might come into effect (U.S. EPA, 2004). 
In conclusion, ecotoxicological investigations represent a valuable complement to 
the chemical and biological analysis of contaminated aquatic ecosystems.  
While assessing the quality of an aquatic ecosystem it is important to monitor not 
only the water column but also the sediments, which are sinks for many contaminants 
(Austin & Mothersill, 2003).  Sediments may accumulate compounds at concentrations 
noxious to benthic organisms even though the concentrations in water phase are rather low 
(Lyytikäinen et al., 2001). Chemical methods provide information on the concentrations of 
contaminants, but this information is not sufficient because the environmental factors 
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affecting bioavailability of xenobiotics may vary from site to site (Goncharuk et al., 1999; 
Lyytikäinen et al., 2001). Moreover, sediments often contain a variety of chemicals that 
may have synergistic, antagonistic, or additive effects (Traunspurger & Drews, 1996). In 
this case, toxicity tests (also known as bioassay) are methods of pollution estimation whose 
validity is not dependent on correlations with sediment chemistry. This makes it an 
essential tool for risk assessment together with the traditional methods (Lyytikäinen et al., 
2001). However, there are some drawbacks associated with toxicity testing. The bioassays 
are usually dependant on the continuous availability of the live stocks of test organisms, 
which implies a series of technical requirements and costs of culturing and maintenance. 
Fortunately, small-scale tests methodologies have been developed and started to be widely 
used over the last two decades. Such methodologies bypass the stock culturing by using 
dormant or immobilized life stages of selected test species (Persoone, 1998). 
Both conventional bioassays and the microbiotests are based on the fundamental 
principle according to which the response of living organisms to the presence (exposure) of 
toxic agents is dependent upon the dose (exposure level) of the toxic agent. Acute toxicity 
tests are usually designed to evaluate the concentration-response relationship for survival, 
whereas chronic studies evaluate sublethal effects such as reproduction, growth, tissue 
residues, behavior, or biochemical effects and are usually designed to provide an estimate 
of the concentration that produces no adverse effects (Hoffman et al., 1995).  
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1.3 – Context and Objectives of the present study 
While the chemical impact of concentrated animal feeding operations on aquatic 
ecosystems has been widely documented, the information on CAFOs ecotoxicological 
impacts on effluent-dominated streams and surface waters is still limited (Brooks et al,  
2006). The purpose of this study was to apply a toxicity testing evaluation approach as a 
complementary tool to assess the impact on surface water quality of application of manure, 
from two dairy CAFOs in Wood County, OH, to cropland. To fully evaluate the impact of 
manure, this study examined whether nutrient enrichment and bacteriological parameters 
are factors related to water and sediment toxicity.  The study was based in the Wood 
County portion of the Portage River Watershed. 
   The Portage River Watershed is located in northwest Ohio (Figure 1). It is a 
tributary of the western basin of Lake Erie, and has a drainage area of 1,531 km² (Rife & 
Moody, 2004). The river watershed used to be a heavily forested swamp prior to becoming 
extended primarily through desiccation and deforestation for agricultural purposes. 
Subsequent incorporation of drainage practices for agricultural activities has led to 
dramatic declines in wetlands (OH EPA, 2011).  
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According to the Ohio EPA latest report on Portage River water quality most of 
the water quality decline could be related to nonpoint sources such as fertilizer and manure 
runoff, as well as sedimentation from agricultural crop production and impaired home 
sewage systems (OH EPA, 2011).  
Since 2005 the Portage River watershed area has been targeted for construction 
and operation of large dairy farms. As of July 2007, two large-scale dairies were already 
operating and three more were proposed (OH EPA, 2010). Since the start of CAFOs 
operation in this area, at least one documented manure spill incident has occurred in 
October 2009 and has affected the North Branch Portage (OH EPA, 2010b).  
 In the Wood County portion of Portage River watershed two dairy farms 
(Manders’ and Reyskens) have been operational since 2007, counting more than 2000 
dairy cows. To address the growing public concern about dairy farms impacts on human 
health and environment, the Wood County Health Department committed to sampling 
private water wells near each proposed dairy and began collecting samples to establish 
baseline stream water quality data (OH EPA, 2010). In 2008 the Wood County Health 
Department together with scientists from the U.S. Geological Survey, and Bowling Green 
State University, began a research study of microbial source tracking and chose the upper 
Portage River watershed as a test area for characterizing sources of fecal contamination in 
the watershed. Although the study validated its method, it has not been used yet in routine 
stream monitoring or watershed quality assessment (Kephart & Bushon, 2008). 
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CHAPTER 2                                                              Materials and Methods 
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2.1 -  Study Site 
Wood County portion of Portage River Watershed was selected as a study area. 
Portage River is flowing into Western Lake Erie Basin and it has the characteristics that 
render it a good fit for this study (Figure 2). Particularly, this watershed is small enough to 
learn much about its response to human activity while being large enough to be suitable as 
a model for other major tributaries of Lake Erie. It also has geological and geographical 
characteristics typical of the western Lake Erie Basin.  
        Sampling Location 
The sampling sites have been selected according to the manure application sites 
and field’s drainage patterns. Manure application fields were identified from the CAFO 
manure management plans, and the drainage patterns – obtained from Wood County 
Engineer’s Office.  The sampling was conducted from April to July 2011. Samples of 
water and sediment were collected twice from five different locations (Table I). 
The first set of samples was collected from fields that had manure applied six 
months before the beginning of the study, i.e. October 2010 (Figure 3; A1; A2). The 
second collection of water and sediment samples has been done right after summer 
application of manure to cropfields (Figure 4; A3; A4).  
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Table I.  Main characteristics of the study sites in Wood County portion of 
Portage River Watershed 
Site GIS Coordinates Width    
(m) 
Depth 
(m) 
 Spring Sampling Sites   
Rader Creek 41˚21ꞌ N, 83˚73ꞌ W 
 
5.6 0.6 
Ditch on Range Line Rd 41˚24ꞌ N, 83˚77ꞌ W 
 
1 0.2 
Ditch 410m W of Range Line Rd 41˚25ꞌ N, 83˚77ꞌ W 
 
1 0.3 
Ditch on Liberty High Rd 41˚30ꞌ N, 83˚71ꞌ W 
 
1.5 0.1 
North Branch Portage on Mitchell Road 41˚31ꞌ N, 83˚69ꞌ W 18.8 1.3 
 Summer Sampling Sites   
Rader Creek 41˚21ꞌ N, 83˚73ꞌ W 
 
6.1 1.1 
Ohio 235 S side of Needles Creek 41˚22ꞌ N, 83˚78ꞌ W 
 
4.6 0.3 
Ditch 410m W of Range Line Rd 41˚25ꞌ N, 83˚77ꞌ W 
 
0.6 0.3 
North Branch Portage on Mitchell Road 41˚31ꞌ N, 83˚69ꞌ W 
 
8 0.6 
Ditch 1 km N of Defiance Pike Rd 
 
41˚29ꞌ N, 83˚78ꞌ W 
 
2 0.7 
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LEGEND 
1. Rader Creek on Oil Center Rd 
490m W of Wingston Rd 
2. Ditch on Range Line Rd 
3. Ditch 410m W of Range Line Rd 
4. Ditch on Liberty High 100m S of 
North Branch Drainage Tile 
5. North Branch Portage @ Mitchell 
Road, 100m S of Greensburg Pike 
Figure 3 - Spring Data Collection Sites, Wood County portion of Portage River 
Watershed; Green Star Symbol – Manders Dairy Farm; Yellow Star Symbol – 
Reyskens Dairy Farm                   
Retrieved from http://maps.google.com/ 
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LEGEND 
1. Rader Creek on Oil Center Rd 
490m W of Wingston Rd 
2. Ohio 235 S side of Needles Creek, 
300m to Hammansburg Rd 
3. Ditch 410m W of Range Line Rd 
4. North Branch Portage @ Mitchell 
Road, 100m S of Greensburg Pike 
5. Ditch 1 km N of Defiance Pike Rd 
Figure 4 - Summer Data Collection Sites, Wood County portion of 
Portage River Watershed; Green Star Symbol – Manders Dairy Farm; 
Yellow Star Symbol – Reyskens Dairy Farm 
Retrieved from http://maps.google.com/ 
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2.2 – Physicochemical Data  
At the time of sample collection, at each site, water temperature, pH, dissolved 
oxygen, electrical conductivity, and turbidity were recorded.   
Hach HQ40d water quality portable meter was used to measure pH, dissolved 
oxygen, electrical conductivity, and water temperature. The meter was calibrated each day 
prior to be used. Dissolved oxygen was calibrated using moist air; pH was calibrated using 
three pH standards (4.0, 7.0, and 10.0); and conductivity – using NaCl or KCl standard 
solution.  
Nutrient Assays 
For nutrient assays water was collected using autoclave-sterilized, foil covered 
cups, and then transferred into Whirl-Pak Sterile Blending Bags after filtration through 
0.45 or 0.20 µm filters to remove suspended particles. Water sample were kept cold in an 
insulated container during transport. SEAL AQ2 – Automated Discrete Chemical Analyzer 
was used to measure the concentrations of ammonia, nitrate plus nitrite and dissolved 
reactive phosphorus (DRP) in the collected water samples. 
Ammonia (NH3) Determination 
 Ammonia was determined using EPA Method 103-A Rev. 6 (U.S. EPA, 2009) 
based on the reaction of alkaline phenol with ammonia to form indophenol blue, the blue 
color formed being intensified by sodium nitroferricyanide dihydrate and measured 
spectrophotometrically at 650-660 nm. 
Nitrate-N + Nitrite-N Determination 
Nitrate plus nitrite was determined using EPA Method 114-A Rev. 7 (U.S. EPA, 
2009) by reduction of nitrate to nitrite using a copperized cadmium coil followed by 
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reaction of nitrite with sulfanilamide to form a diazonium compound which, in dilute 
phosphoric acid, couples with N-(1-naphthyl)-ethylenediamine dihydrochloride to form a 
reddish-purple azo dye. This is measured spectrophotometrically at 520 nm. Separate 
rather than combined nitrate/nitrite values are obtained by running the samples on 
sequential tests, i.e., first with, and then without the copperized cadmium reduction step. 
 Ortho-phosphate - P (Reactive Phosphorus) Determination 
Reactive phosphorus was determined using EPA-118-A Rev.4 (U.S. EPA, 2009) 
based on the reaction with acidic molybdate in the presence of antimony forms an 
antimony phospho-molybdate complex which is reduced by ascorbic acid to an intensely 
blue complex: phosphomolybdenum blue. The absorbance of this complex is measured 
spectrophotometrically at 880 nm. 
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2.3  - Bacteriological Data 
 
Fecal indicator bacteria are used in determining the microbial quality of water.  
Total coliform bacteria and fecal coliform Escherichia-coli are two types of fecal indicator 
bacteria. E.Coli is one type of pathogenic fecal coliform bacteria, and the most common 
facultative, disease-causing bacteria in the feces of warm-blooded animals. EPA 
recommends E. coli as the best indicator of health risk from waters affected by various 
sources of fecal contamination (EPA, 2011). 
 
Water samples for bacteria assays were collected using autoclave-sterilized, foil 
covered cups, transferred into sterile bottles, kept refrigerated and transported to the 
laboratory.   
IDEXX Colilert assay was used to quantify Total Coliform and E.coli in the water 
samples. According to the Colilert Protocol water samples were mixed with IDEXX 
reagents which include o-nitrophenyl-β-D-galactoside (ONPG) and 4-methylumbelliferyl-
β-D-glucuronide (MUG) colorimetric agents and bacteriological nutrients, then transferred 
to 97-well Quanti-Tray, sealed, and incubated for 24 hours at 35°C.  
 
Detection of E.coli after 24h of incubation 
The fluorogenic enzyme substrate, MUG is hydrolyzed by ß-glucuronidase 
releasing 4-methylumbelliferone. This reaction product fluoresces when exposed to UV 
light. The ß-glucuronidase enzyme is specific to E. coli and observation of fluorescence 
differentiates this organism from other members of the coliform group (EPA, 1991). 
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Detection of Total Coliform after 24h of incubation 
The colorimetric beta-galactosidase assay of coliform bacteria is based upon the 
enzymatic hydrolysis of the substrate ONPG by fecal coliforms producing the yellow-
colored o-nitrophenol (EPA, 1991). 
Thus total coliform MPN (Most Probable Number) was estimated by counting 
yellow-colored wells and the E. coli MPN - by counting fluorescent wells and referring to 
IDEXX Quanti-Tray/2000 MPN Table. As negative controls was used tap water and 
dilution buffer. 
 
2.4  - Ecotoxicological Data 
 
For the present study two bioassays ‘Chronic Rotoxkit Reproduction Inhibition 
Assay’ and ‘Chronic “direct sediment contact” Assay’  were chosen to assess the toxicity 
of water and respectively the sediment of streams’ affected by runoff from manure applied 
agricultural fields.  
 
2.4.1 - The 48-hours Brachionus calyciflorus growth assay 
Test Organism - Brachionus calyciflorus 
Rotifers are tiny, free-swimming invertebrates, found primarily in freshwater 
systems.  As herbivores, rotifers are important filter-feeding grazers of phytoplankton, and 
serve as a food source for other invertebrates, larval fish and planktivorous adult fish 
(Persoone, 1998). In addition to their important contribution to the ecology of aquatic 
ecosystems, rotifers are valued as a toxicity test organism because of their short, rapid life 
cycle, sensitivity to contaminants, and availability (Snell et al., 1995).  
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The species B. calyciflorus is particularly  useful  in  ecotoxicology assays  
because  of  its rapid  reproduction,  short  generation  time, and cosmopolitan distribution. 
Moreover, B. calyciflorus cysts are commercially available at a rather low cost (Persoone 
et al., 2003).  
In the present study the short-chronic Rotoxkit bioassay was used. The test was 
performed according to the standard operational procedure of the ROTOXKIT F 
CHRONIC test (Creasel, 1999). It is a 48 hours reproduction inhibition assay that 
determines chronic toxicity to B. calyciflorus. 
Cysts (B. calyciflorus.) were transferred into a petri dish filled with 10 mL 
standard fresh water (US EPA medium hard reconstituted water) and were incubated at 
25°C under continuous illumination (approximately 3000–4000 lx) for 17 hours.  Pre-
feeding was carried out with Roti-Rich food (that was contained in the test kit) after the 17 
hours incubation. Two hours later rotifers were immediately used for testing. Prior to the 
transfer of the rotifers, 5 dilution series (C1 to C5, with a factor of 2) of the effluent were 
prepared, with Concentration 1 containing the undiluted effluent (100%), and 
Concentration 5 having the highest effluent dilution (6.25%).  
After the algal food was added to all the toxicant dilutions and to the control 
sample, rotifers from the rinsing trough were transferred into each test well in order of 
increasing toxicant concentration. For each tested concentration eight replicates were set 
up, each with 1 ml of test medium and one organism. The test plate was sealed with 
laboratory Parafilm, covered by the lid and incubated at 25°C in the darkness for 48 hours. 
Two endpoints of the effluent toxic effects were reported after 48 hours of incubation 
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period: population growth rate (r) and percentage growth inhibition (GI %). Population 
growth rate (r) was calculated according to the formula:  
r = 
݈݊  ݂݈ܰ݅݊ܽ−݈݊ ܰݏݐܽݎݐ
ܶ , where 
Nfinal = mean number of rotifers after 48 hours incubation 
Nstart = mean number of rotifers at the start (= 1) 
T = time of exposure in days (= 2) 
The calculation of r is necessary to establish the validity of the test, thus r should have a 
value of (at least) 0.55 for the test to be acceptable.  
Percentage inhibition of the rotifer growth (GI %) for each toxicant concentration was 
determined by applying the formula: 
GI (%) =  ே೎೚೙೟ೝ೚೗ି ே೟೚ೣ೔೎ೌ೙೟ ே೎೚೙೟ೝ೚೗  × ଵ଴଴ , where 
N control = mean number of live rotifers in the control test wells 
N toxicant = mean number of live rotifers in the respective toxicant concentrations after the 
48 hours exposure 
 
2.4.2 – The 6-days Heterocypris incongruens growth assay 
 
Test Organism - Heterocypris incongruens 
A small-scale bioassay with benthic ostracod crustacean H. incongruens was 
performed according to the standard operational procedure of the OSTRACODTOXKIT F 
test (Creasel 2001). The test was developed for assessing the chronic “direct contact” 
toxicity of freshwater sediments. 
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Cysts (H. incongruens) were transferred into a petri dish filled with 10 mL 
standard fresh water (US EPA medium hard reconstituted water) and were incubated at 
25°C under continuous illumination (approximately 3000–4000 lx) for 52 hours. Pre-
feeding was carried out after the first 48 hours with algae (spirulina-powder) that was 
contained in the test kit. Four hours later ostracods were immediately used for testing. For 
each sediment, six replicates were set up, each consisting of 1 mL of sediment plus 2 mL 
of algal food suspension and ten recently hatched ostracods that were transferred gently 
into each well of the multiwall plate. The test plate was sealed by laboratory Parafilm, 
covered by a lid and incubated at 25°C in the darkness for 6 days. Standard sand provided 
in the kit served as a reference control. Two endpoints of the sediment toxic effects were 
reported after 6 days incubation period: ostracod mortality (OM) and ostracod growth 
inhibition (OGI). The latter was considered when OM ≤ 30% and calculated as follows:  
% OGI = 100 – ൬ ܮ݅݊ܿݎ.ݐ݁ݏݐ ݏ݁݀݅݉݁݊ݐ  ܮ݅݊ܿݎ.ܿ݋݊ݐݎ݋݈ ݏ݁݀݅݉݁݊ݐ൰ × 100, where 
 
L incr.test sediment = mean length increment of the ostracods in the test sediment 
L incr.control sediment = mean length increment of the ostracods in the reference sediment 
The measurement of length was carried out under a stereomicroscope by means of 
a micrometric strip placed on the bottom of a glass plate.   
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2.5  Data Analysis 
For the physiochemical and bacterial data, bivariate analysis of correlation 
between each two variables was conducted, in order to compare the levels of correlation. 
Additionally, Principal Component Analysis (PCA) was performed to integrate the 
physiochemical variables to 2 or 3 principal components.  
Based on the analysis above and the PCA results we attempted to link the 
physicochemical parameters to both the bacterial variables and the ecotoxic tests results 
using General Linear Model. Significant parameters shown in the model were considered 
as the most effective environmental factors that aggravate the toxicity of manure. 
A paired-t test analysis of means was run to investigate whether there were 
statistically significant differences between nitrate levels in spring and summer.  A two-
way ANOVA was used to test the effect of sites and seasons (application of manure) on 
the toxicity tests results.  
Standard controls for both toxicity assays were tested for the validity criteria. For 
the 48-hours Brachionus calyciflorus growth assay validity criteria of r ≤ 0.55 (where r-the 
mean growth rate) was used. Also, for mortality parameter a validity criteria of 10 % 
mortality was adapted (OECD, 1984). The negative effect of each treatment was estimated 
by comparing the mortality percentage in the standard control and all treatments. For the 6-
days Heterocypris incongruens growth assay validity criteria of % mortality ≤ 20 % 
(where % mortality – percentage mortality of the ostracods in the control test with the 
reference sediment) was used. The effect of all the treatments was evaluated according to 
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the 20% mortality criterion. Treatments with percentage values above 20 were evaluated as 
sediments having a negative effect.   
The statistical analyses were conducted in SPSS v16.0, Excel 2007. 
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CHAPTER 3                                                                                       Results 
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3.1 - Physicochemical Data  
Ammonia levels detected in water samples collected in summer were higher than 
those collected in spring (Table II). Reactive phosphorous levels have also showed an 
increasing trend in summer. In none of the sampling locations in summer have the levels of 
reactive phosphorous exceeded the standard (less than 0.10 mg P/L, (EPA, 2011)). Only at 
one of the sampled sites in spring (‘Ditch on Liberty High Rd’) it was recorded a slightly 
higher level of reactive phosphorous then the standard. Unlike ammonia and reactive 
phosphorous levels, nitrate levels in summer samples were significantly lower than nitrate 
levels in spring (Paired t-test, t = 3.04, P = 0.03). 
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Table II - Chemical parameters, Nitrate-N+ Nitrite-N (mg N/L), Reactive phosphorous 
(mg P/L) and NH3 (mg N/L) at the sampling sites in spring and summer data collection 
time, at the Wood County portion of Portage River Watershed. 
Site Nitrate-N+ 
Nitrite-N  
(mg N/L) 
  Reactive 
phosphorous 
(mg P/L) 
   NH3  
(mg N/L) 
Spring Sampling Sites    
Rader Creek 6.30 
 
0.0120 
 
-0.038 
 
Ditch on Range Line Rd 9.12 
 
0.0019 
 
-0.042 
 
Ditch 410m W of Range Line Rd 47.72 
 
-0.0030 
 
-0.030 
 
Ditch on Liberty High Rd 35.52 
 
0.1716 
 
-0.045 
 
North Branch Portage on Mitchell Road 12.49 
 
0.0113 
 
-0.028 
 
Summer Sampling Sites    
Rader Creek   1.80 
 
0.0199 
 
0.042 
 
Ohio 235 S side of Needles Creek   3.73 
 
-0.0129 
 
0.003 
 
Ditch 410m W of Range Line Rd   36.44 
 
0.0282 
 
0.056 
 
Ditch 1 km N of Defiance Pike Rd   9.82 0.0898 
 
0.029 
 
North Branch Portage on Mitchell Road   1.57 -0.0110 
 
0.021 
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3.2 - Bacteriological Data 
For spring sampling sites TC (Total Coliform) counts ranged between 167 MPN 
(most probable numbers)/100 mL to 2,420 MPN/100 mL. Although TC levels did not 
exceed the U.S. EPA limits (10,000 MPN/100 mL; (U.S. EPA, 20011)), the highest values 
(2,419 MPN/100 mL) were noticed at sites that have had manure applied 6 months before. 
These sites (‘Ditch on Range Line Rd’, Ditch on Liberty High Rd’ and ‘North Branch 
Portage on Mitchell Road’) have also showed higher E. coli counts (90.9 MPN/100 mL; 10 
MPN/100 mL and 184 MPN/100 mL), which, however, did not exceed the U.S. EPA 
recommended criteria for E. coli for recreational waters (235 MPN/100 mL (U.S. EPA, 
20011)).  
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Figure 5 - Escherichia coli counts (MPN/100mL) at the sampling sites (water 
temperature, in °C, at the time of water collection is within 
brackets) in spring and summer data collection time, at the Wood 
County portion of Portage River Watershed.    
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For summer sampling sites TC levels ranged between 167 and 14,136 
MPN/100mL, with only one site (‘Ditch 1 km N of Defiance Pike Rd’) exceeding the US 
EPA recommended criterion for TC (10,000 MPN/100 mL, EPA 2011) (Table III) by 1.4 
fold.   Moreover, all summer sampling sites, except Ohio 235 S side of Needles Creek, 
showed higher E. coli levels. Counts of E. coli at three sites (‘Rader Creek’, Ditch 410m W 
of Range Line Rd, and ‘North Branch Portage’) have exceeded the US EPA recommended 
criteria for E. coli (235 MPN/100 mL; EPA, 20011) by 1.9, 1.2 and 1.6 fold, respectively.   
Table III - Bacteriological parameters, total coliform and Escherichia coli (both in 
most probable numbers – MPN/100 mL) at the sampling sites in spring and 
summer data collection time, at the Wood County portion of Portage River 
Watershed. 
Site 
Total Coliform 
(MPN/100mL) 
E. Coli 
(MPN/100mL) 
Spring Sampling Sites  
Rader Creek 460.6 
 
10 
Ditch on Range Line Rd 2,419.6 
 
90.9 
Ditch 410m W of Range Line Rd 1424.6 
 
45.4 
Ditch on Liberty High Rd 2,419.6 
 
10 
North Branch Portage on Mitchell Road 
 
Summer Sampling Sites 
2,419.6 
 
184 
Rader Creek 435.2 435.2 
Ohio 235 S side of Needles Creek 167 
 
40.1 
Ditch 410m W of Range Line Rd 686.7 275.5 
Ditch 1 km N of Defiance Pike Rd 
 
North Branch Portage on Mitchell Rd 
14,136 
 
488.4 
203 
 
365.4 
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Table IV – Pearson’s correlation coefficient (r) and level of significant difference (P) 
between water quality physicochemical parameters and Escherichia coli and Total 
coliform bacteria during spring and summer data collection time at the Wood County 
portion of Portage River Watershed 
Parameter E. coli (MPN/100 mL) 
Total Coliform 
(MPN/100 mL) 
Temperature 
(ᵒC) 
 r P a r P a r      P a 
Dissolved Oxygen (mg/L) -0.52 n.s. -0.25 n.s. 0.56 n.s. 
Dissolved Oxygen (%) -0.27 n.s. -0.27 n.s. - n.s. 
pH -0.40 ** -0.01 n.s. -0.12 - 
Temperature (˚C) 0.68 n.s. 0.09 n.s. - - 
Nitrate (mg N/L) -0.34 n.s. -0.06 n.s. -0.40 n.s. 
NH3 (mg N/L) 0.79 ** 0.15 n.s. 0.90 *** 
Reactive phosphorous (mg 
P/L) 
-0.23 n.s. 0.44 n.s. -0.26 n.s. 
Turbidity (NTU) -0.10 n.s. -0.16 n.s. -0.57 n.s. 
Conductivity (µc/cm) -0.08 n.s. 0.11 n.s. -0.19 n.s. 
 
 
 
 
 a Levels of significance:,*** (P < 0.001), ** (P < 0.01), * (P ≤ 0.05), and n.s. = non 
significant (P > 0.05) 
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                Of the nine physicochemical parameters measured (dissolved oxygen (mg/L and 
%), pH, temperature (˚C), nitrate (mg N/L), NH3 (mg N/L), reactive phosphorous (mg 
P/L), turbidity (NTU) and conductivity (µc/cm)) stream temperature exhibited a positive 
correlation with E. coli levels, while total coliform levels showed no significant correlation 
with the measured physicochemical parameters (Table IV).  
A positive correlation existed between levels of NH3 and both E. coli levels and 
stream water temperature (Table IV). No statistically significant correlations existed 
between any of the other physicochemical parameters. 
E. coli densities increased at summer temperatures (27-30˚C) (Figure 6). 
Dissolved oxygen (DO) concentrations varied inversely with stream temperatures 
throughout the study (Table IV). DO concentrations decreased sharply to 4.34 mg/L at 
stream temperatures above 27ᵒC and increased to approximately 18 mg/L at stream 
temperatures below 10ᵒC (Table AII). In addition, DO levels exhibited a negative 
correlation with water conductivity factor (Table IV).  
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3.3 - Ecotoxicological Data 
3.3.1 - The 48-hours Brachionus calyciflorus growth assay 
The mean growth rate r in the controls had values of at least 0.55, fulfilling the validity 
criteria for the 48-hours B. calyciflorus growth assay. In addition, validity criterion of 10% 
mortality was adapted to the 48-hours B. calyciflorus growth assay, according to the 
OECD method (OECD, 1984). Most rotifers were alive in the control solution: mortalities 
were less than 10% in control at the end of the test (OECD, 1984). The mortality 
percentage in all the treatments at all of the sites in spring and summer was above the 
recommended criterion of 10%. (Figure 6).  
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Figure 6 - Mean mortality of Brachionus 
calyciflorus exposed for 48-hours to control 
water and water samples collected at sites in the 
Wood County portion of Portage River in spring 
and summer. Dotted line indicates the common 
criterion of 10% 
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A two-way ANOVA was conducted to test the main effects of site and season and 
of the interaction effect on the two variables (r – growth rate, GI - growth inhibition), the 
results of which are summarized in the table below (Table V). 
Growth inhibition was significantly affected by the interaction effect between 
seasons and sites (Figure 7b; Table V). The growth rate of rotifers was not significantly 
impacted by site location or season type (Figure 7a; Table V).  
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Figure 7 – Effect of site (1, 2a, 2b, 3) and season (spring, summer) on the a) growth rate and b) 
growth inhibition of the rotifer Brachionus calyciflorus exposed for 48-hours to waters collected 
at the Wood County portion of Portage River Watershed. Five bars in each boxplot (from bottom 
to top) depict the minimum, lower quartile, median, upper quartile, and maximum of the sample. 
Dots outside the box are outliers. 1- Rader Creek on Oil Center Rd 490m W of Wingston Rd; 2a - 
Ditch on Range Line Rd; 2b - Ohio 235 S side of Needles Creek; 3 - Ditch 410m W of Range Line 
Rd 
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 Table V - Analysis for variance table to predict the effect of season type and site 
location on N- mean number of live rotifers; r- mean growth rate; and GI- 
mean growth inhibition of rotifers 
Dependent 
Variable Source 
Sum of  
Squares df
Mean 
Square F 
Significance 
Level (P) 
r 
Season 0.01 1 0.007 0.443 0.511 
Site 0.06 3 0.02 1.20 0.327 
Season * Site 0.03 1 0.03 1.54 0.225 
GI 
 
Season 1034 1 1033.81 2.06 0.164 
Site 2435 3 811.74 1.62 0.211 
Season * Site 2276 1 2275.92 4.54 0.044 
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A general linear model was used to simulate the relationship between 
concentration of effluent and a) mean number of live rotifers; b) mean growth rate of 
rotifers; and c) mean growth inhibition (%). Square root transformed concentration had the 
best model fitness (lowest AIC values and highest R2 values). All the regressions were 
significant (P < 0.05) (Figure 8a; 8b). 
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Figure 8 – Relationship between effluent concentration (square root transformed) and a) growth 
rate and b) mean growth inhibition (%) of Brachionus calyciflorus exposed for 48-hours to 
waters collected at the Wood County portion of Portage River.  
Error bars are ± standard error values.  
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3.3.2 - The 6-days Heterocypris incongruens growth assay 
 
The mean length increment of the ostracods in the control cups with the reference 
sediment was higher than 400 µm, and the mean % mortality of the ostracods in the control 
test with the reference sediment did not exceed 20%. These results fulfilled the validity 
criteria for the 6-days Heterocypris incongruens growth assay.  
 
 
 
 
 
 
 
 
 
 
 
 
 
The control test with the reference sediment and the test sediment from the site 1 
(‘Rader Creek’) had the mortality (%) below the recommended criterion of 20%. All the 
other test sediments had the percentage of mortality above the 20% criterion, validating the 
negative effect of these test sediments (Figure 9).  
Figure 9 - Mean mortality of Heterocypris 
incongruens exposed for 6-days to control water and 
water samples collected at the Wood County portion 
of Portage River Watershed in spring and summer.   
Dotted line indicates the common criteria of 20% 
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Only site location had a significant effect – growth at site 1 (‘Rader Creek’) was 
significantly higher than at all other sites irrespective of the season. (Figure 10; Table VI). 
     Table VI - Analysis for variance table to predict the effect of season type and site 
location on mean length of Heterocypris incongruens 
Dependent 
Variable Source Sum of Squares df Mean Sq F 
Significance 
level (P) 
Length 
Season 18704 1 1870 1.75 0.192326 
Site 125208 4 31302 29.23 0.000000 
0.571223 Season * Site 3157 4 789 0.74 
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Figure 10 – The effect of site location and of season type (spring, summer) on Heterocypris 
incongruens length. Five bars in each boxplot (from bottom to top) depict the minimum, lower 
quartile, median, upper quartile, and maximum of the sample. Dots outside the box are outliers. 
1;1-Rader Creek; 2;2 - Ditch on Range Line Rd; Ohio 235 S side of Needles Creek;  3;3 - Ditch 
410m W of Range Line Rd; 4;4 -  Ditch on Liberty High Rd; Ditch 1 km N of Defiance Pike Rd;  
5; 5 - North Branch Portage on Mitchell Road 
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3.4 - Interaction between the physicochemical and bacteriological factors and 
ecotoxicity results  
Based on the results that many physicochemical variables are correlated between 
each other, a Principal Component Analysis (PCA) was performed to extract a set of 
uncorrelated variables (i.e. principal components).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11 – Scree plot of the Principal Component Analysis of the 
physicochemical variables. The break point occurs on the principal 
component 3, indicating the first three principal components are 
taken into account.  
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TABLE VII - Component Matrix showing the loadings of each variable (pH, dissolved 
oxygen in mg/L and % saturation), temperature (˚C), NH3  (mg N/L), turbidity (NTU), 
reactive phosphorous (mg P/L), width (m), depth (m), conductivity (µc/cm) and nitrate 
(mg N/L)) onto principal component 1, 2 and 3 
 
Component 
PC 1 PC 2 PC 3 
pH .966 -.085 -.186 
Dissolved Oxygen (%) .910 .052 .130 
Dissolved Oxygen (mg/L) .840 .475 .093 
Temperature (˚C) -.208 -.931 .058 
NH3  (mg N/L) -.436 -.832 .072 
Turbidity (NTU) -.299 .794 .499 
Reactive phosphorous (mg P/L) -.301 .499 -.231 
Width (m) -.012 .208 .951 
Depth (m) -.176 -.050 .861 
Conductivity (µc/cm) -.377 .156 -.628 
Nitrate (mg N/L) -.391 .401 -.592 
 
Three principal components (PCs) with the highest Eigenvalues were extracted, 
explaining 81.0% of the total variance (Figure 11).  Direct oblimin rotation (Costello & 
Osborne, 2005) was used to generate the component matrix, which displays each variable's 
loading on each component (Table VII). Only the variables with absolute values of the 
scores, higher than 0.3, were considered as significant contribution to this PC.  
Factors such as pH, saturation and DO had the highest positive scores for PC1. In 
this case PC1 was interpreted as the level of water quality as these three correlated 
variables represent the basic characteristics of stream’s health. PC2 was comprised of 
40 
 
variance from a wider range of variables, including very high negative contributions of 
water temperature (-0.931) and NH3 (-0.832), and lower positive contributions of DO 
(0.475), phosphate (0.499), nitrate (0.401) and the turbidity of stream water (0.794). This 
PC was interpreted as the level of nutrient loading of the stream. For PC3, width (0.951) 
and depth (0.861) factors provided the highest positive scores, which were interpreted as 
the volume of the water body. These three PCs correspond to different physicochemical 
features of the stream, and their values are uncorrelated. 
Relationship between principal components and bacterial factors 
Multivariate linear regression was conducted to link the three PCs to the two 
bacterial factors (Table IX). For the E. coli bacterial factor, only the effect of PC2 (nutrient 
loading) was significant (P < 0.05), i.e. lower PC2 (higher water temperature, higher level 
of NH3, lower levels of DO, reactive phosphorous, nitrate and turbidity) indicating higher 
E. coli concentration. Although the effects of PC1 and PC3 were not significant, the level 
of significance values for these two relationships were lower than 0.07, indicating a 
tendency for a linear relationship between E. coli and PC1 (water quality) as well as PC3 
(water volume). Lower PC1 and bigger PC2 might lead to higher E. coli concentration 
(Table VIII). No significant relationships were found between total coliform factor and any 
of the three PCs.  
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TABLE VIII – Multivariate linear regression indicating the relationship between Principal 
component 1, 2 and 3 and the bacterial factors (E. coli and Total Coliform) 
Model 
Unstandardized 
Coefficients 
Standardized 
Coefficients t 
Signifi
cance 
level 
(P) B Standard Error Beta 
E. coli 
PC1 -74.761 32.2 -0.489 -2.3 0.059 
PC2 -90.006 31.9 -0.588 -2.8 0.030 
PC3 70.034 32.3 0.458 2.2 0.073 
Total 
Coliform 
PC1 -798.371 1685 -0.191 -0.47 0.652 
PC2 -378.225 1668 -0.090 -0.23 0.828 
PC3 -282.776 1688 -0.068 -0.17 0.872 
 
 
Relationship between principal components and the toxicity tests results 
Multivariate linear regression was performed between the three PCs and the two 
toxicity tests results. PC2 had a significant effect on the growth rate of rotifers. Higher 
values of PC2 (nutrient load) can lead to an increase in the growth rate of rotifers 
(P=0.05). PC3 and the growth rate of rotifer were also significantly related, i.e. bigger 
volume of the effluent can increase the growth rate of rotifers (P=0.032). No significant 
relationships were found between any of the other PCs and either the growth rate of 
rotifers or ostracods. 
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CHAPTER 4                                                                   Discussion 
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4.1 - Physicochemical and bacteriological characteristics of the sampling sites 
One of the objectives of this study was to assess and quantify the transport 
potential of fecal bacteria indicators (E. coli and total coliforms - TC) from dairy farm 
manure applied to cropland and to assess whether bacteria densities could be linked to any 
toxicity detected in water or sediments.  As reported in previous studies, densities of total 
coliforms and E. coli in streams adjacent to manure application fields depend on various 
factors like rainfall events, physicochemical characteristics of the stream, soil type, as well 
as manure storage times and manure incorporation techniques (Moore et al, 1988; Meals & 
Braun, 2006; Soupir et al, 2006).   
As shown in this study, E. coli and TC bacteria were found in all the investigated 
sampling sites, with populations increasing during warm summer months. Spring counts of 
bacteria did not exceed the EPA recommended criteria for E. coli (235 MPN/100 mL (U.S. 
EPA, 20011)) and for TC (10,000 MPN/100 mL (U.S. EPA, 20011)). However, counts at 
three sites in summer have shown higher levels of E. coli, slightly exceeding the EPA 
recommended criteria (U.S. EPA, 20011). The highest densities were noticed at both sites 
used as reference (with no manure fields adjacent to them) (‘Rader Creek’) and at sites that 
had manure applied 6 months prior to the study (‘Ditch 410m W of Range Line Rd’, 
‘North Branch Portage on Mitchell Rd’). It could not be concluded whether the E. coli in 
these streams was originated from natural sources or from animal operations nearby.  
Higher bacteria levels observed during the summer months suggested that there 
were factors that promoted bacteria growth in the streams. The positive relationship 
between temperature and bacteria levels suggested that heat-induced growth may be a 
contributing factor to seasonally high bacteria levels. In addition, warmer temperatures 
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influenced the dissolved oxygen content of the water. Decreased oxygen solubility 
associated with higher temperature may combine with lower dissolved oxygen levels 
producing algal blooms, which have been shown in previous studies to support growth of 
E. coli in freshwater (Byappanahalli et al. 2003; Tiefenthaler et al, 2009). The present 
study has also revealed that levels of NH3 exhibited a strong positive correlation with both 
stream temperature and levels of E. coli. With the optimum level of ammonia in streams 
being less than 0.03 mg N/L, only three sites have slightly exceeded this standard in 
summer collection time. Two of these sites (‘Ditch 410m W of Range Line Rd’ and ‘Ditch 
1 km N of Defiance Pike Rd’) had manure applied on adjacent fields for a long period of 
time. The third site (Rader Creek), also used as a reference site, exhibited levels of 
ammonia higher than 0.03 mg/L possibly because of it being a slow moving stream.  
At times, oxygen saturation exceeded 100% most likely because of the action of 
photosynthetic algae whose growth is promoted by the abundance of inorganic nutrients 
from agricultural runoff. These sites typically have oxygen saturation exceeding 100% 
when sunlight is strong; then the oxygen saturation declines below 100% at night when the 
algae have net oxygen consumption due to cessation of photosynthesis. 
Reactive phosphorous levels have showed an increasing trend in summer. In none 
of the sampling locations in summer have the levels of reactive phosphorous exceeded the 
standard (less than 0.10 mg P/L, (US EPA, 2011)). Only at one of the sampled sites in 
spring (‘Ditch on Liberty High Rd’) it was recorded a slightly higher level of reactive 
phosphorous then the standard, possibly suggesting the existence of a runoff event from 
adjacent agricultural land.  
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Unlike ammonia and reactive phosphorous levels, nitrate levels in summer 
samples were significantly lower than nitrate levels in spring. Previous studies have shown 
that most of the nitrate lost from crop fields moves through subsurface tile flow rather than 
in surface water runoff. This indicates that direct loss of applied manure used as nitrogen 
fertilizer in surface runoff is not the major contributor to nitrate levels in streams (Poor & 
McDonnell, 2007). While a small portion of applied nitrogen may move directly into tile 
flow on some soils in some years, most accumulates in the soil over a relatively long 
period of time and is then flushed into tiles and into streams by spring rainfall (Eckert, 
2009; Poor & McDonnell, 2007). 
 
4.2  - Ecotoxicological Data 
4.2.1 -  The 48-hours Brachionus calyciflorus growth assay 
The 48-hours B. calyciflorus growth assay was used to assess the toxicity of 
water column to the test organism B. calyciflorus. Three endpoints of the water toxic 
effects were reported: mean number of life rotifers, mean growth rate of rotifers and mean 
growth inhibition. The mean growth rate and growth inhibition parameters showed a clear, 
statistically significant relationship with the concentration of the effluent. Mean growth 
rate of rotifers was decreasing with higher concentration and mean growth inhibition was 
the highest at the most concentrated samples of effluent. In addition, the mortality 
percentage in all the treatments at all of the sites in spring and summer was above the 
recommended criterion of 10%, showing that the tested water from the selected streams 
exhibited toxicity to the rotifers. Moreover growth inhibition was significantly affected by 
the interaction effect between seasons and sites, in summer the growth inhibition at the site 
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3 (“Ditch 410m W of Range Line Rd”) was higher than in spring. This result is suggesting 
that the water collected in summer period from the ditch closest to Reyskens dairy farm 
had the highest toxic impact on the tested organisms (Figure 6). The differences in the 
toxic impact of the water samples on the test biota between spring and summer can be 
related to the changes in the overall chemical composition of the streams, with increases or 
decreases in the concentration of particular contaminants. 
 
4.2.2   -   The 6-days Heterocypris incongruens growth assay 
Two endpoints of the 6-days H. incongruens growth assay were evaluated – mean 
length and mean mortality of ostracods. Mean percentage mortality of the ostracods in the 
control test with the reference sediment did not exceed 20%, which fulfilled the test 
validation criterion. The test sediment from the site 1 (‘Rader Creek’) had the percentage 
mortality below the 20% recommended criterion, suggesting that the tested sediment had 
no negative effect on the H. incongruens. For all the other tested sediments ostracods 
showed percentage mortality above the recommended criterion. Sediments tested in 
summer months exhibited higher percentage of mortality, with the sediment sampled at site 
3 (‘Ditch 410m W of Range Line Rd’) showing the highest negative effect on the tested 
organisms. High toxic effect of sediment sampled at site 3 is confirming that it has been a 
sink of contaminants for a long period of time.   
The first site (Rader Creek) sampled both in spring and summer and chosen to be 
a reference site as the manure has not been applied on the fields adjacent to it, showed 
consistency in the recorded results, i.e. the ostracods’ growth at this site was significantly 
higher than at the rest of the sampling sites, irrespective of the season.  
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4.3 - Interaction between the physicochemical and bacteriological factors and 
ecotoxicity results  
In order to determine the relationships between the physicochemical factors and 
the bacterial variables as well as the ecotoxicity tests a Principal Component Analysis was 
performed in the current study. As a result of this analysis we can conclude that higher 
levels of E. coli in the sampled sites were influenced by high water temperature, high level 
of NH3, low levels of DO, reactive phosphorous, nitrate and turbidity. Unlike E. coli, levels 
of total coliforms were not impacted by the physicochemical factors tested in our study. 
According to the performed analysis the growth rate of rotifers was affected by 
the nutrient load of the streams, meaning that a high nutrient load (high levels of reactive 
phosphorous, high levels of nitrate, high DO, high turbidity, lower water temperature, and 
lower levels of NH3)  can promote the growth rate of B.calyciflorus.  
The growth rate of B.calyciflorus was also related to the volume of the effluents 
(width and depth). Larger streams have a continuous movement of water which enhances a 
good saturation of the water with oxygen and allows for an active circuit of nutrients. In 
these types of streams B.calyciflorus can exhibit high growth rates. This study did not find 
evidence that any of the physicochemical or bacterial factors could induce a negative effect 
on ostracods’ growth.  
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4.4 – Conclusions 
   Application of toxicity testing in water quality control was proven to have 
evident advantages over applying solely chemical and biological approaches. It assesses 
the integrated effects of all chemicals in the water sample and enables predicting and 
preventing a toxic impact before the detrimental effect occurs. Therefore, ecotoxicological 
investigations represent a valuable complement to the chemical and biological analysis of 
contaminated aquatic ecosystems. In the present study we attempted to apply a toxicity 
testing evaluation approach as a complementary tool to assess the impact on surface water 
quality of application of manure, from two dairy farms in Wood County, OH, to cropland.                    
The results of our investigation revealed some toxic effects of the water and sediment to 
the test organisms. Sites that have been affected for a long period of time by runoff from 
fields treated with manure have exhibited elevated toxicity, which was worsen in summer 
months, possibly by the combined effect of the manure application and physicochemical 
factors.  
The outcome of the sediment toxicity tests is usually affected by many factors in 
addition to the chemical and bacteriological ones, which makes the interpretation of the 
results complicated. In this study, the observed adverse effects of sediments could not be 
directly and solely connected to any assessed physicochemical parameters of the water, nor 
to any bacterial factor. Rather, they were a result of various factors, perhaps ones not 
investigated by this study. However, despite the uncertainties and limitations of each 
individual toxicity test application, the more reliable interpretation of the toxicity data was 
strengthened by using a combination of them. Thus, finding a relevant combination of 
toxicity testing bioassays as well as applying chemical testing of both water and sediments 
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from the aquatic sites impacted by animal manure application will be an important aim of 
future research.  
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APPENDIX 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Figure A1 – Spring data collection site at Rader Creek (1), Wood County 
portion of Portage River Watershed 
A, B, C, D – downstream manure application fields; Black arrows – 
drainage direction: Retrieved from http://maps.google.com/ 
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Figure A3 – Summer data collection site at Ohio 235 S side of Needles 
Creek (2), Wood County portion of Portage River Watershed 
A, B, C, D, E, F, G, H, I –manure application fields; Black arrows – 
drainage direction 
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Figure A4 – Summer data collection site at Ditch 1 km N of Defiance 
Pike Rd (4), Wood County portion of Portage River Watershed 
Dotted lines –manure application fields; Black arrows – drainage 
direction 
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Table AII - Physicochemical parameters, dissolved oxygen in mg/L and % saturation, 
conductivity (µS/cm), pH and water temperature (°C), at the sampling sites in spring and 
summer data collection time, at the Wood County portion of Portage River Watershed.  
 
Site 
Dissolve
d oxygen
(mg/L) 
 
Dissolved 
oxygen 
% 
Conductivit
y 
(µc/cm) 
pH 
Water 
Temper
ature 
(˚C) 
Spring Sampling Sites      
Rader Creek 18.1 
 
164 641 8.5 9.2 
Ditch on Range Line Rd 8.30 
 
77.7 585 7.5 10.5 
Ditch 410m W of Range Line Rd 7.53 
 
74.9 895 7.1 9.6 
Ditch on Liberty High Rd 9.60 
 
82.4 752 6.9 6.9 
North Branch Portage on Mitchell 
Rd 
10.0 85.4 518 7.1 7.2 
            Summer Sampling Sites      
Rader Creek 6.4 
 
84.2 757 6.8 28 
Ohio 235 S side of Needles Creek 8.2 
 
108.5 505 7.5 28 
Ditch 410m W of Range Line Rd 4.3 
 
56.5 780 7.2 27.3 
Ditch 1 km N of Defiance Pike Rd 
 
5.9 
 
76.5 696 7.4 26 
North Branch Portage on Mitchell 
Rd 
8.0 
 
111.7 458 7.5 30.7 
 
 
